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Abstract Of EP043541 7 

A workpiece transfer apparatus includes a first 
arm (30) mounted at its lower end on a base (20) 
for angular movement about a first angular 
movement axis (01) extending substantially 
horizontally. A second arm (40) is mounted at its 
upper end on an upper end of the first arm for 
angular movement about a second angular 
movement axis (02) parallel to the first angular 
movement axis. The first arm is longer than the 
second arm. The apparatus further comprises a 
holder device (50) for releaseably holding a 
workpiece (W). The holder device is mounted on 
a lower end of the second arm. The holder device 
and the first arm are disposed respectively on the 
opposite sides of the second arm spaced from 
each other in the direction of the first and second 
angular movement axes, so that the holder 
device, when moving horizontally, does not 
interfere with the first arm. The first and second 
arms are angularly moved respectively by first 
and second drive devices (71 , 72). 
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0 Workplace tranefer apparatua. 



® A workpiece transfer apparatus includes a first arm (30) mounted at its lower end on a base (20) for angular 
movement about a first angular movement axis (01) extending substantially horizontally. A second arm (40) is 
mountsd at Its upper end on an upper end of the first arm fbr angular movement about a second angular 
movement axis (02) parallel to the first angular movement axis. The first arm Is longer than the second anm. The 
apparatus further comprises a holder device (50) for reteaseably holding a workpiece (W). The holder device Is 
mounted on a lower end of the second arm. The holder device and the first anm are disposed respectively on 
the opposite sides of the second arm spaced from each other in the direction of the first and second angular 
movement axes, so that the holder device, when moving horizontailyr does not interfere with the first amn. The 
first and second arms are angularly moved respectively by first and second drive devices (71, 72). 
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@ A workpiece transfer apparatus includes a frrst arm (30) mounted at its lower end on a base (20) for angular 
movement about a first angular movement axjs (01) extending substantially horizontally. A second arm (40) Is 
mounted at Its upper end on an upper end of the first arm for angular movement about a second angular 
movement axis (02) parallel to the first angular movement axis. The first anm is longer than the second anm. The 
apparatijs further comprises a holder device (50) for releaseabiy holding a worlcpiece (W). The holder device is 
mountad on a lower end of the second arm. The holder device and the first ami are disposed respectively on 
the opposite sides of the second anm spaced from each other in the direction of the first and second angular 
movement axes, so that the holder device, when moving horizontally r does not interfere with the first arm. The 
first and second arms are angularly nraved respectively by first and second drive devices (71. 72). 
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WORKPIECE TRANSFER APPARATUS 



BACKGROUND OF THE INVENTION 

This invontion relates to a workpiece transfer apparatus for transfarrfng a workpiece, for exampto. from 
one of two adjacont pressing machines to the other. 

6 A workpiece transfier apparatus of the type heretofore extensively used Is disclosed, for example. In 
Japanese Laid-Open (Kokai) Utility Model Appticatlon No. 172627/86 and Japanese Utility Model PubHcation 
No. 55888/80. Such a conventional apparatus comprises a base, a first guide rail mounted on the base and 
extending verticaliy. a first slider mounted on tiie first guide rail for vertica] movement a second guide rail 
ftxediy mounted on the first sOder and extending horUontaiiy, a second slider extending horizontally and 

10 movable horizontally along the second guide rail, and a plurality of suction devices mounted on the second 
slider. In this conventional apparatus, a taA^le Is provided between pressing machines. The vertteal 
movement of the suction devices Is effected by the vertical movement of the first slider, and the horizontal 
movement of the suction devices Is effected by ^e horizontal movement of the second sOder. One suction 
device moves horizontally toward one pressing machine from a bask: portion disposed between the 

IS pressing machines, and then descends to hold a workpiece, placed on a lower die of the one pressing 
machine, by suction, and then ascends, and then moves horizontally toward the table, and then descends to 
place the workpiece on the table. During this time, the other suction device hotels another workpiece, placed 
on tire table, by suction, and then places this workpiece on a lower die of the otiier pressing machine. 

In the above workpiece transfer apparatus pmvided with the vertically movable sGder and the hodzon- 

20 tally movable sEder. the workplace remains unchanged in posture, that Is, remains horizontal. 

RecenUy. there have been required various pressing operations one example of which Is to invert the 
workpiece removed from one pressing machine and then to press It. It is difficult for the above conventional 
apparatus to meat such requirement 

To meet such requirement, there has been proposed a workpiece transfer apparatus disctosed, for 

26 example, in Japanese Laid-Open Patent Application No. 81230/87. This apparatus comprises a vertically- 
extending guide rail mounted on a side surface of a pressing machine, a slider mounted on this guide rail 
for vertical movementi an arm angularly movably connected at one end to the slider, and a suction device 
angularly movably mounted on the other or distal end of the arm. The arm Is angularly movable atJout a 
horizontal axis and also about a vertical axis. One thing to note here is that the apparatus Is* provided with 

30 only one ann, and that the transfer of the suction device is effactad by the angular movement of this arm. 
The vertical movement of the suction device is effected by the vertical movement of tiie slider. 

In tiie apparatus of the above Japanese Lald-Open Patent Application No. 81230/87, the transfer of the 
workpiece depends solely on the angular movement of the single arm mounted on the pressing machine via 
the slider, and therefore the distance of transfer can not be increased. 

38 A workpiece transfer apparatus disclosed in Japanese Utility Model Publication No. 17593/84 comprises 
a base, a first arm mounted on the t>ase for angular movement about a first angular movement axis, a 
second arm mounted at Its upper end on an upper end of the first arm for angular movement about a 
second angular movement axis, and a suction device mounted on a lower end of the second arm for 
angular movement about a tiilrd angular movement axis. TTie first to third angular movement axes are 

40 disposed horizontally and are parallel to one another. The effective length of the first arm extending 
between the first and second angular movement axes is equal to the effective length of the second arm 
extending between the second and tiiird angular movement axes. The suction device extends In a direction 
perpendicular to the third angular movement axis. This apparatus is provided with a single drive means. 
When the first arm is angularly moved through an angle 6 by this drive means, for example, in a ctockwise 

45 direction, the second arm is angularly moved relative to the first arm In a counterclockwise direction through 
an angle of 28 via a power transmitting mechanism, so that the suction device Is moved horfzontally. At this 
time, the suction device Is angularly moved relative to the second arm in a cksckwise direction thmugh an 
angle of 6 via another power transmitting mechanism, and tiierefore the suction device is maintained in a 
horizontal condition. 

so In the workpiece transfer apparatus of tiie above Japanese Utility Model Publication No. 17583/84. there 
is not provided the function of vertically moving the suction devlcoi and therefore it is almost Impossible to 
hold and remove the workpiece by the suction device. The suction device extends In the direction 
perpendicular to the third angular movement axis, and tfterefere during the time when the suction devtee is 
Inserted between upper and lower dies of one of the two pressing machines, tiie distal end of the second 
arm is also inserted between these upper and tower dies. Therefore, It is necessary to increase tiie distance 
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between (tie two dies. 

SUMMARY OF THE INVENTION 

5 it ie an object of thie invention to provide a workpiece transfer apparatus in which horizontal and verticaJ 
movements of a worlcpisce can be effected, and a suction device csi be Inserted into a narrow space 
between upper and lowar dies of a pressing machine so as to iBmove and set the worlqpieoe, and the 
distance of transfer of the workpiece can be increased with a relatively compact construction of the 

apparatus, 

10 According to the present Invention, there is provided a workpiece transfer apparatus comprising: 
(a) a base; 

(b} a first arm mounted at Its lower end on the base for angular movement about a first angular 
movement axis extending substantially horizontally; ^ 

(c) a second arm mounted at its upper end on an upper end of the first arm for angular movement 
75 about a second angular movement axis, the second arm being shorter than the first am, and the second 

angular movement axis being paraliai to the first angular movement axis; 

(d) holder means for reieaseably holding a workplace, the holder means being mounted on a lower end 
of the second arm. the holder means and the first arm being disposed respectively on opposite sides of the 
second arm spaced from each other in the direction of the first and second angular movement axes; and 

20 (e) first and second drive means for angularly moving the first and second arms, respectively. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Rg. 1 is a from-elevational view of a transfer system Including a workpiece transfer apparatus of the 
25 present Invention and two pressing machines; 

Rg. 2 is a plan view of the transfer system;; 

Rq. 3 is an enlarged front-elevational view of the workpiece transfer appsffatua; 

Rg. 4 is a vertical cross-sectional view of the workpiece transfer apparatus taken along the line IV-iV of 
Rg. 3; 

30 Rg. 5 is a view similar to Rg. 4, but showing a portion of the workpiece transfer apparatus on sn 
enlarged scale; 

Rg. 6 is a diagrammatical illustration showing the manner of angular movement of first and second 
arms of the workpiece transfer apparatus when a workpiece Is moved horizontally; and 

Rg. 7 Is a diagrammatical illustration showing the manner of angular movement of the first and second 
55 arms when the workpiece is moved vertically. 

DESCRIPTION OF THE PREFERRED EMBODIMENT OF THE INVENTION 

One preferred embodiment of the present Invention will now be described with reference to the 
40 drawings. 

As shown in Rgs. 1 and 2. a workplace transfer apparatus A is disposed In the middle between two 
adjacent pressing machines PI and P2, and the front of this apparatus A is directed toward the fronts of the 
two pressing machines. The workpiece transfer apparatus A is used to transfer a workpiece W from one 
pressing machine PI to the other pressing madiine P2. Each of the pressing machines PI and P2 
46 comprises a lower fr^e portion 1 , a vertical frame portion 2 extending upwardly from the rear of the lower 
frame portion 1. and an upper frame portion (not shown) extendfr^g forwardly (i.e., toward the workpiece 
transfer apparatus A) from the vertical frame portion 2. A lower die 3 is fixedly mounted on the upper 
surface of the lower frame portion 1. An upper die (not shown) is mounted on tlie upper frame portion for 
vertical movement 

60 A general construction of the workpiece transfer apparatus A will now be described with reference to 
Rgs. 1 to 3. The workpiece transfer apparatus A comprises a fixed bed 10 fixedly mounted on a floor F and 
' disposed in the middle between the two pressing machines P1 and P2. The fixed bed 10 is disposed 
generally on the front side of the pressing machines PI and P2. and Is elongated In the forward/backward 
direction, that is, in a direction perpenificular to the direction of juxtaposition of the two pressing machines 

55 PI and P2. The workpiece transfer apparatus A fiirttier comprises a base 20 mounted on the fixed bed 10 
for movement in a direction perpendicular to tiie direction of Juxtaposition of the two pressing machines PI 
and P2. a first arm 30 mounted at its lower end on ttie base 20 for angular nrK)vem8nt about a first angular 
movement axis 01 , a second arm 40 mounted at its upper erul on the upper end of tfie first arm 30 for 



3 



EP 0435 417 A1 



pKrotal movement about a second angular movement axis 02, and a holder mechanism 50 mounted on the 
lower end of the second arm 40 for angular movement ^x)ut a third angular movement axis 03, the holder 
mechanism 50 sen/lng to hold the workptece W. The first, second and third angular movennent axes 01 . 02 
and 03 extend horizontally, and are disposed perpendicular to the direction of juxtaposition of the two 

6 pressing machines PI and P2, and also are disposed parallel to one another. The effective length LI of tfie 
first arm 30 for the transfer of the workplece W is detenmined by the cfistance k>8tvveen the first and second 
angular movement axes 01 and 02 at the first arm 30. The effective leng^ L2 of the second arm 40 is 
determined by the distarice between the second and third angular movement axes 02 and 03 at the 
second ann 40. The effective length LI of the first arm 30 Is more than twice greater than the effecth^ 

TO length L2, of the secoiKl arm 40. 

As shown in Rg. 2. tfie second arm 40 is disposed fbnrardly of the first arm 30 (that is, (Ssposed closer 
to the pressing machines PI and P2 than the first arm 30) In the direction of the second angular movement 
axis 02. The holder mechanism 50 Is cfisposed fbrwardly of the second arm 40, that is, disposed on that 
side of the second arm 40 facing away from the first arm 30. 

15 A detailed construction of the worlq^ece transfer apparatus A will now be described with particular 
refsrsnce to Rgs. 4 and 5. Two horlzontally-extsnding guide rails 11 (only one of which is shown) are 
provided on and extend along the length of the fixed bed 10. The base 20 is mounted on the guide rails 11 
for movement therealong. 

The base 20 has a pair of opposed rear and front walls 21 and 22 extending upwardly. The rear wail 21 

so has a tubular portion 21a. and a tubular member 22a extends through and is fixedly secured to the front 
wail 22. The axes of the tiibular portion 21*8 and the tubular memt3er 22a are in alignment with the first 
angular movement axis CI . 

The first arm 30 Is hollow, and has a square cross-section, and a tubular member 31 extends through 
and is fixedly secured to a rear wall of the first ann 30 at the lower end portion ttiereof, the tutxjiar member 

25 31 being coaxiai with the tubular portion 21 a of the base 20. A bearing 32 Is interposed between the tubular 
portion 21a and tfie tubular member 31 . A ring-shaped gear 33 is fixedly secured to a front wall of tfie first 
arm 30 at tiie lower end portion thereof, the gear 33 being coaxial wftfi the tubular member 22a. A bearing 
34 is interposed between the gear 33 and the tubular member 22a With this construction, the first arm 30 
is supported on the base 20 for angular movement about the first angular movement axis 01. 

00 Tubular memt)ers 35 and 38 respectively extend through and are fixedly secured to the rear and front 
walls of the first arm 30 at the upper end portion thereof. The axes of the tubular members 35 and 36 are In 
alignment with the second angular movement axis 02. 

The second arm 40 is also hollow, and has a square cross-secdon. Tubuiar members 41 and 42 
respectively extend through and are fixedly secured to rear and front walls of the second arm 40 at the 

36 upper end portion thereof. The axes of the tubular members 41 and 42 are In alignment with the second 
angular movement axis 02. The tutxjiar member 41 secured to the rear wall of the second arm 40 has a 
smaller-diameter portion 41a extending toward the first arm 30. The smaiier-diameter portion 41a passes 
through the tutHitar member 36 secured to the front wall of the first arm 30. and extends into the first arm 
30. TYirough the agency of bearings 43 interposed between the smaller-diameter portion 41 a of the tubular 

40 member 41 and the tubular member 36, the second arm 40 is supported on the first anm 30 for angular 
movement about the second angular movement axis 02. 

Tubuiar members 45 and 46 respectively extend through and are fixedly secured to the rear and front 
waits of the second arm 40 at the lower end portion thereof. The axes of the tubular members 46 and 48 
are in alignment with the third angular movement axis 03. 

46 The holder mechanism 50 will now be described In detail. The holder mechanism 50 comprises a 
hollow support member 51. The st^port member 51 has a cylindrical portion 51a coaxial with the tubuiar 
member 46. and ttie support member 51 is si^ported on the second arm 40 via bearings 53, interposed 
between the cylindrical portion 51a and the tubular member 46, so as to be angularly moved about the third 
angular movement axis 03. The support member 51 projects from the front wall of tfie second arm 40 

50 fbnvardly, that Is, in a direction away from the first arm 30. 

The holder mechanism 50 further comprises a suction device 55. The suction device 55 comprises an 
elongated frame 56 which is pivotally connected at its rear end to the projected end of the support member 
51 by a pin 52. The axis of the pin 52 serves as a fourth angular movement axis 04, and this fourth angular 
movement axis 04 is disposed perpendicular to the third angular movement axis 03, and is disposed above 

65 the third angufar movement axis 03. With this construction, the suction device 55 is supported on the 
support memt>er 51 for angular movement about the fourth angular movement axis 04. The frame 56 
extends in the same direction as the direction of extending of the support member 51 , and projects beyond 
the distal end of the support member 51 . A holder groove 58a of a channel-shaped crose-section is formed 
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in the upper surface cf the proJef:tBd end cf the frame 56. and extends In the same direction as the 
direction of projecting of this projected end. A base portion (one leg portion) of a T-shaped frame 57 Is 
received in the holder groove 56a, and Is held by a retainer plate 54 against disengagement from the holder 
groove 56a More pacifically, the retainer plals 54 is fixedly secured to the frame 56 by bolts 54a threaded 
6 through the retainer plate 54 Into the frame 56. A pair of frames 58 are fixedly secured at their one ends to 
the opposHa ends of the other leg portion of the T-shaped frame 57. Suction pads or cups 59 directed 
downward are mounted on the distal ends of the two firames 58, respectively. The lower end of each suction 
pad 59 Is disposed slightly betow the third angular movement axis 03. but it can be said that they are 
generally at the same level. 

70 A vacuum generator 60 and a change vaive (cut-off valve) 61 are mounted on the upper wall of the 
second arm 40. The vacuum generator 60 is connected to a high-pressure air source (not shown) via a tube 
62 extending through the first arm 30. and produces vacuum utilizing high-pressure air In the well laiown 
manner. The change valve 61 is connected to the suction pads 59 a tube 63, passages fbrmed in the 
frames 56 and 57, and other tubes (not shown). Each sucCon pad 59 Is switched by the change valve 81 

15 t>etween an operative corxlltion In which vacuum Is ^plled from the vacuum generator 60 to the suction 
pad 59 arKJ an inoperative condition in which the suction pad 59 Is open to the atmosphere. 

The workpiece transfer apparatus A comprises a first servomotor (first drive means) 71 for angularly 
moving the first arm 30. a second servomotor (second drive means) 72 for angularly moving the second 
arm 40, a third servomotor (third drive means) 73 far angularly moving the support member 51 of the holder 

20 mechanism 50 about the third angular movement axis 03, a fourth servomotor (fourth drive means) 74 for 
angularly moving the suction device 55 of the holder mechanism 50 about the fourth angular movement 
axis 04. and a fifth servomotor (flftii drive means) 75 for moving the base 20 forward atKl Isackward relative 
to the fixed bed 20. Each of the servomotors 71 to 75 has a brake mechanism (rK>t shown) by which the 
associated member can be kept stopped at a desired position. 

25 Rrst. the fiftii servomotor 75 will now be described. The fiftii servomotor 75 is fixedly mounted on tiie 
fixed bed 10, and the rotation of the fifth sen^motor 75 Is transmitted to the base 20 via a tiall tiiread 
mechanism (not shown), thereby moving the base 2Q fonrard and backward. 

Iho first servomotor 71 is fixedly mounted on the front wall 22 of the base 20 via a speed reducer 76, 
and a gear 77 Is fixedly mounted on an output shaft 76a of the speed reducer 76, The gear 77 Is In mesh 

30 wrtfi ttie gear 33 fixedly secured to tiie lower end of the first arm 30. The rotation cf the first servomotor 71 
is transmitted to ttie first arm 30 via the speed reducer 76 and tiie gears 77 and 33, thereby angularly 
moving the first arm 30 about the first angular movement axis 01. 

Next a power transmitting means 80 for transmitting the rotation of the second servomotor 72 to ttie 
second ami 40 will now be described. The second servomotor 72 Is fixedly mounted via a speed reducer 

35 81 on tire rear wall of the first arm 30 intermediate tiie opposite ends thereof. An auxiliary transmitting shaft 
82 mounted within the first arm 30 is connected at one end to an output shaft 81a of ttie speed reducer 81. 
The otfier end of tine auxiliary transmitting shaft 82 is rotatat>ly supported on the front wall of the first arm 
30 via a bearing 83. The output sliaft 81a and the auxiliary transmitting shaft 82 are coaxial with each other, 
and are parallel to tiie angular movement axes 01 to 03. A timing pulley (toothed pulley) 84 is fixedly 

40 mounted on the auxiliary transmitting shaft 82. The tubular member 41 fixedty mounted on the upper end of 
ttie second arm 40 serves as a first transmitting shaft A timing pulley 85 Is fixedly mounted on the distal 
end of tiie smaller-diamerter portion 41a of the first transmitting shaft 41. A timing belt 86 Is extended 
around the two timing pulleys 84 and 85. 

As Is cie€ar from the foregoing, the power transmitting means 80 for transmitting the rotation of the 

45 second servomotor 72 to the second anm 40 comprises the speed reducer 81, the auxiliary transmitting 
shaft 82. the first transmitting shaft 41, ttie timing pulleys 84 and 85. and the timing belt 86. All of ttiese 
parts except for the speed reducer 81 are received within the first arm 30. 

Next, a power transmitting means 90 fbr transmitting the rotation of the third servomotor 73 to the 
support member 51 of the holder mechanism 50 will now be described. The ttiird servomotor 73 Is fixedly 

60 mounted on the rear wail 21 of the base 20 via a speed reducer 91. An auxIDary tranamltting shaft 92 is 
connected at one end to an output shaft 91a of tiie speed reducer 91. The auxiliary transmitting shaft 92 Is 
rotatably supported on the rear wall 21 of tiie base 20 via a bearing 93. The axes of the output shaft 91a 
and the auxiliary transmitting shaft 92 are in alignment witii the first angular movement axis 01- The other 
end of tiie auxiliary transmitting shaft 92 Is disposed witiiin tiie first anm 30, and a timing pulley 94 Is flxediy 

55 mountsd on ttie ottier end of this shaft 92. A second transmitting shaft 95 is passed coaxially tfirough tt^ 
first transmitting shaft 41 wKh a gap therebetween. One end portion of the second ti^nsmitting shaft 95 is 
rotatably supported on tiie upper end portion of the rear wall of the first arm 30 via a bearing 98 whereas 
the ottier end portion Is rotatably supported on tiie upper end portion of the front wall of the second arm 40 
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via a bearing 97. A timfng pulley W co]rdS|>onding to tha timing pulley 94 is fixedly mounted on the one 
en6 portion of the second transmitting shaft 95 disposed In the first arm 30. and a timir^ belt 89 is 
extended around these two timing pulleys 84 and 98. A timing puiley 100 is fixedly mounted on the other 
^ portion of the second transmitting shaft 95 disposed in the second arm 40. A timing pulley 101 
6 corresponding to the timing pulley 100 Is also fixedly mounted on the proximal end of the support member 
51 Of the holder mechanic 60, and a timing belt 102 is extended around these two timing pulleys 100 and 
101. 

As described atxave, the power transmitting means 90, operatively connecting the third servomotor 73 
to the support member 51 of the holder mechanism 50. comprises the speed reducer 91, the auxiliary 

10 transmitting shaft 92, the second transmitting shaft 95, the timing pulleys 94, 98, 100 and 101. and the 
timing belts 99 and 102. These parts are received substantially wHhln tiie first and second arms 30 and 40. 

The timing pulleys 94 and 98 have the same diameter and the same number of teeth. Also, the timing 
pulleys 100 arKJ 101 have the same diameter end the same number of teeth. Therefore, the auxiliary 
transmitting shaft 92 and the support member 51 are angularly moved at the same speed. 

16 Next, a power transmitting means 110 for transmitting ttie rotation of the fourth servomotor 74 to the 
suction device 55 will now be described. The fourth servomotor 74 Is fixedly mounted on the tid)ular 
member 22a secured to the front wall 22 of the base 20. An auxiliary transmitting shaft 1 1 1 coaxial with the 
first angular movement axis 01 Is connected to an output shaft 74a of the fourth servomotor 74. The 
auxiliary transmitting shaft 111 is rotatabty supported on tiie distal end of the tubular member 22a via a 

20 bearing 112. A timing pulley 113 Is fixedly mounted on one end of the auxiliary transmitting shaft 111 
extending irrto the first arm 30. At the upper end portions of the first and second amns 30 aiKl 40, a third 
transmitting shaft 114 of a tubular shape Is received between the first transmitting shaft 41 and the second 
transmitting shaft 95, the shaft 114 being coaxial witii tiie shafts 41 and 95. A timing puiley 15 is fixedly 
mounted on one end of the third transmitting shaft 114 disposed In tiie first arm 30, and a timing pulley 116 

28 Is fixedly mounted on the otiier end of the third transmitting shaft 114 disposed In tiie second . ami 40. A 
bearing 117 Is interposed between the one end of the timing pulley 115 and the second transmitting shaft 
95, and a bearing 116 is interposed between the other end of the timing puiley 115 and the timing pulley 
85. A Ijearing 119 is interposed between one end of the timing pulley 118 and the tubular member 41. and 
a bearing 120 is Interposed between the other end of the timing pulley 116 and the second transmitting 

30 shaft 95. Witii this arrangement, the third transmitting shaft 1 14 Is supported for angular movement about its 
axis. A timing belt 121 Is extended around the timing pulley 115, fixedly mounted on the third transmitting 
shaft 114, and the timing pulley 113 disposed at the lower end portion of the first arm 30. A timing belt 123 
is extended around tiie timing pulley 118, fixedly mounted on tiie tiiird transmitting shaft 114, and a timing 
pulley 122 disposed at the lower end portion of the second arm 40. As best shown In Rg. 5, the axis of tiie 

as timing puiley 122 is in alignment with the third angular movement axis 03, and one end of the timing pulley 
122 Is rotatably supported via a bearing 124 on the tubular memtjer 45 fixedly mounted on the lower end 
portion of the second anm 40. The other end of the timing pulley 122 Is fbrmed Into a smaller diameter, and 
is rotatably supported on the timing pulley 101 via a bearing 125. 

As best shown In Rg. 5, the timing pulley 122 is connec^d to ttie suction device 55 of the holder 

40 mechanism 50 via a ball thread mechanism 130, The ball tiiread mechanism 130 comprises a nut 131 
fixedly secured to the inner periphery of the timing pulley 122, and a tiireaded rod 132 tiireadedly engaged 
with tiie nut 131 , A connecting member 133 is fixedly secured to one end of the threaded rod 132. The nut 
131, the threaded rod 132 and the connecting memt>er 133 are disposed on the third angular movement 
axis 03. A link 134 is pivotally connected at one end to tiie connecting memtw 133 by a pin 135, and the 

45 other end of the link 134 is pivotally connected by a pin 136 to a projection 56b formed on ttte proximal end 
of tiie frame 56 of the suction device 55. The two pins 135 and 135 extend penaendicular to the third 
angular movement axis 03. and are parallel to ttie fourtti angular movement axis 04. The pin 138 is 
disposed below the pin 52 and above the pin 135. 

As is clear fnom the foregoing, the power transmitting means 110 comprises the auxiliary transmitting 

50 shaft 111. the tiiird transmitting shaft 114, tiie timing pulleys 113. 115. 118 and 122. tiie timing belts 121 
and 123, and tiie ball thread mechanism 130, and these parts are substantially received within the first and 
second arms 30 and 40. 

Ne)^, the operation of the woriq)lece transfer apparatus A will now be described. The operations of the 
five servomotors 71 to 75 are automatically controlled according , to a predetenmined program set by a 
55 controller (not shown). Reference is first made to tiie transfer of ttie workpiece W which Is the simplest 
operation. In this case, the third, fourth and ftfti) servomotors 73, 74 and 75 are stopped by their brake 
mechanisms. 

In the operative condition of the pressing machines PI and P2 irf which the workpiece W Is 8id>Ject0d to 
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a pf^ssing operation, each of the first and second arms 30 and 40 Is disposed in a verticaJ posture. This 
oondHlon will hereinafter be referred to as "basic condHk)n°. 

In the at)ove basic condition, the suction device 55 Is disposed honzontaily, and the suction pads 59 are 
diredad downward. The lower storfetces of the suction pads 59 are disposed at a level higher than tfie 
6 workpieces W placed on the tower dies 3 of the pressing machines PI and P2. 

During the time when the first and second arms 30 and 40 are driven respectivety by the first and 
second servomotDrs 71 and 72 to be angularly moved, the third servomotor 73 Is stopped, and therefore 
the suction device 55 is kept in a horizontal condition, thus maintaining the workpiece W in a horizontal 
conditwn. The reason for this Is that since the timing puUeys 94 and 98, as well as the timing pulleys 100 
10 and 101, have the same number of teeth, the support member 51 of the holder mechanism 50 Is artgulariy 
moved relative to the second arm 40 In a dlrec^on opposite to the direction of angular movement of the 
second annn 40. through an angle equal to the difference between the angle of angular nrK>vement of the 
second arm 40 relative to the first arm 30 and the angle of angular movement of the first arm 30 relative to 
the vertical line. 

75 Immediately after the pressing machines PI and P2 finish their pressing operations, the first arm 30 Is 
angularly moved In a counterclockwise direction (Fig. 1) from the above basic condition, and at ttie same 
time the second arm 40 is angulariy moved In the opposite direction (i.e., clockwise direction), so tiiat the 
suction device 55 Is moved toward the pres^ng machine PI. The amount of horizontal movement of the 
suction device 55 Is determined by the sum of the amounts of angular movement of the first arm 30 and 

20 the second arm 40, and therefore can be Increased, and ateo the speed of this horizontal movement can be 
increased. 

In order that the suction device 55 can be Inserted into a relatively narrow space between the upper die 
and the lower die 3 of ttie pressing machine P1 , it Is prefenred that the suctkin device 55 should be moved * 
8ut>stantially horizontally and should not be moved vertically Q.e., in an upward/downward direction). The 

26 manner of angular movement of the firet and second arms 30 and 40 meet tttis requirement The reason for 
this Is that upon counterclockwise angular movement of the first arm 30, the second angular movement axis 
02 descends from Its original position (The amount of this descending is here represented by VI} whereas 
upon clockwise angular movement of the second arm 40, the suction device 55 ascends relative to the 
second angular movement axis 02 {The amount of this ascending is represented by V2). 

30 More specifically, the absolute value of the vertical (upward/downward) movement occurring upon 
horizontal movement of the suction device 55 Is determined by the difference between the <lescendlng 
amount V1 and the ascending amount V2. Here, the following formulas are established: 

VI « Irl'd - COS X) 

36 

V2 = L2*{1 - COS Y) 

where LI represents the effective length of the first arm 30. L2 represents the effective length of the 
40 second arm 40, X represents the angle of the first arm 30 relative to the vertical line, and Y represents tiie 
artgle of the second arm 40 relative to the vertical Dne. 

Therefore, by satisfying the following fbnmula, the descending amount VI Is made equal to the 
ascending amount V2. so that the suction device 55 depicts a completely horizontal locus HL ^own in Rg. 

e, 

45 

1.1 •d - COS X) « L2*(1 - COS Y) (1) 

When tiie suction device 55 Is moved to ttie position Just above the woricplece W placed on the lower 
50 die 3 of the pressing machine PI, the first arm 30 is further angulariy moved in a counterclockwise 
direction, and at the same time the second arm 40 is angulariy moved In a counterclockwise direction In 
contrast with the direction of angular movement thereof during tiie above horizontal movement of the 
suction device 55. At this tinrie, the amount of descending of the suction device 55 from one end of the 
horizontal locus HL is determined by the sum of the amount of descending of the second angular 
66 movement axis 02 (due to the angular movement of the first arm 30) and the amount of descending of the 
suction device 55 (due to the angular movement of tiie second arm 40) relative to the second angular 
movement bms 02. At this time. \he second angular movement axis 02 is displaced to the left due to the 
angular movement of the first anm 30, and the suction device 55 is displaced to the right relative Id the 
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second angular movement axis 02 due to the angular movement of the second arm 40, and therefore by 
causing these tiorizontal movement amounts to ^ncel each other (in other words, by satisfying the 
following fomnula), the suction device 55 depicts a completely vertical iocus VL sfiown in Rg. 7. 

s 

L1-(sin X - sin X') = •L2»(sia Y • sin Y') (2> 

where and T respectively represent the angles of the first and second arms 30 and 40 relative to the 
10 vertical 41ne when the suction device 5 reaches one end of tiie horizontal locus Hi^ 

The horlzonta] movement and the vertical movement of ttie suction device 55 can be effected 
continuously. AHsmativefy. after the horizontal movement is stepped, the vertical movement la effected. 

When the suctton pads 59 of the suction device 55 are positively brought into contact with the 
worl^plece W. the change valve 61 is operated to create vacuum In the suction pads 59. thereby causing 
75 ihe suction pads 59 to hold the workpiece W by suction. 

As described above, since the suction pads 58 approach vertically toward the workpiece W and are 
brought Into contact therewith to fioid it. the suction pads 59 can hold tiie workpiece W at the proper 
position. 

Then, the first arm 30 and the second arm 40 are angularly moved in a clockwise direction so as to 
20 satisfy the above formula <2), thereby ascending the suction device 55 along the vertical locus VL. 

Then, when the suction device 55 reaches the one end of the horizontal locus 1-1 L, the first arm 30 is 
angularty moved in a clockwise direction so as to satisfy the above formula (1), and the second anm 40 is 
angularly moved in a counterclockwise direction. As a result the suction device 55 and the workpiece W 
are moved toward the pressing noachine P2. At tills time, since the workpiece W is not moved vertlcallye the 
25 workpiece W can be moved or transferred In a stable manner. 

When the workpiece W is horizontally transferred from the pressing machine PI toward tiie pressinQ 
machine P2, the holder mechanism 50 Including the suction device 55 passes across the first arm 30, but 
does not interfere therewith, because the holder mechanism 50 Is arranged on that side of the second anm 
40 facing away from the first arm 30. Such arrangement of the holder mechanism 50 means that the first 
30 am 30 can be k>nger than the second arm 40. thereby increasing the distance of transfer of the workpiece 
W. 

When the workpiece W Is moved from the pressing machine PI to the position Just above the lower die 
3 of the pressing machine P2. another workpiece W processed by the pressing machine P2 has already 
been transferred by another woiicpiece transfer apparatus (not shown) to a pressing machine disposed on 

36 the opposite side of the pressing machine P1 . 

When the workpiece W Is positioned just above the lower die 3 of the pressing macPiine P2. the first 
arm 30 is angularly moved in a clockwise direction, and the second arm 40 is also angularly moved In a 
clockwise direction, thereby descending the workpiece W along the vertical locus VL Then, when the 
workplace W is brought into contact with tiie lower die 3 of the pressing machine P2, the first and second 

40 arms 30 and 40 are stopped, and also the change valve 61 is switched, so that the suction pads 59 are 
caused to be open to the atmosphere, thereby releasing the holding of the workpiece W. As a result, ttie 
workpiece w is supported on the lower die 3. 

Thereafter, the first and second arms 30 and 40 are angularly moved in directions reverse to the above- 
mentioned directions to thereby ascend the suction device 55. and flirtiier the first arm 30 is angularly 

45 moved in a counterclockwise direction, with the second arm 40 angularly moved in a clockwise direction, 
thereby returning these two arms 30 and 40 to the basic condition. At this time, the auction device 55 Is 
moved along the hori^ntal locus HL to be returned to the original position. Thus, the workpiece transfer 
apparatus is prepared for transfenring a subsequent workpiece W. 

As described above, by controlling the angular movements of the two arms 30 and 40, the suction 

so device 55 can be moved horizontally and vertically. In addition, since the suction device 55 is projected 
from the second arm 40 In a direction perpendicular to the direction of the horizontal transfer, the second 
am 40 is not introduced Into the space between fhe upper cfie and the lower die 3 when the suction device 
55 is Inserted Into this space. Therefore, this space between the upper and lower dies can be email. 

In the workpiece transfer apparatus A of the above construction, the workpiece W removed from tiie 

55 pressing machine PI can be inverted and supplied to the other pressing machine P2. In this case, during 
the horizontal movement of the woHcpiece W from the pressing machine PI to the pressing machine P2, tiie 
third servomotor 73 Is operated to angularly move the support memt^er 51 through 180" to Invert the same. 
In this case, it is necessary that the lower die 3 of the pressing machine P2 shouki have a recess for 



8 



EP 0 436 417 A1 



receiving the suction device 55. 

In the case where the lower dfe 3 of the pressing machine P1 Is disposed hortzontally whereas the 
lower die 3 of the other pressing machine P2 is Inclined relative to a horizontai plane, the fourth servomotor 
74 is operated, during the horizontal movement of the workpieoe W from the pressing macWRe PI to the 

6 pressing machine P2. to rotate the timing pulley 122« provided at the lower end portion of the second arm. 
together with the nut 131 fixedly secured to tfils timing pulley 122. As a result, the threaded nxi 132 is 
moved exially, and this axiai movement Is converted via the link 134 into trie angular movement (tncfination) 
of the suction device 55 about the fourth angular movement axis 04. In this manner, the workplece W can 
be set on the incfined lower die 3. Also, the suction device 55 can be inclined by driving the third 

70 servomotor 73, In which case the suction device 55 Is angularly moved about the third angular movement 
a)ds 03. Further, by drtving the third and fourth servomotors 73 and 74 simultaneously, ttie suction device 
55 can be Inclined in any direction. 

When tlie lower dies 3 of the pressing machines PI and P2 are displaced from each other in the 
forward/backward direction perpendicular to the direction of the above horizontai transfer, the base 20 is 

76 moved by the fifth servomotor 75 In the forward/lMckward direction during the above horizontal transfer. 

The above workpiece transfer apparatus A is disposed between the two pressing machines Pi and P2, 
and l8 not confronted with the fronts of the two pressing machines PI and P2. Thus, a large space Is 
available In front of the two pressing machines. This fadlitalBS the exchanging of the dies, and otiier 
operations. 

20 The present invention is not to be restricted to the above emt)odlment, and various modtficalions can 
be made without departing from the spirits of the Invention. For exmnple, the workpiece W may be heid by 
an electromagnet or may be grasped by a mechanical grasping mechanism. Ail of the servomotors may be 
mounted on ttte base. 

25 Claims 

1. A wori^iece transfer apparatus comprising: 

(a) a base; 

(b) a first arm mounted at its lower end on said base for angular movement atDOut a first angular 
so movement axis extending substantially horizontally; 

(c) a second arm mounted at its upper end on an upper erxi of said first arm for angular movement 
about a second angular movement axis, ssnd second angular movement axis being parallel to said 
first angular movement axl^ 

(d) holder means for releaseably holding a woricpiece, said holder means being mounted on a lower 
ss end of said second sm; and 

(e) first drive means tor angulariy moving said first arm; CHARACTERIZED in that 

said second arm (40) is shorter than said first arm (30); said holder means (50) and said first arm 
are disposed respectively on opposite sides of said second arm spaced from each other In the 
direction of said first and second angular movement axes (01, 02); and there Is provided second drive 
40 means (72) for angularly moving said second arm. 

2- Apparatus according to claim 1, in which said first and seoorid drive means (71, 72) angularly move 
said first and second arms (30. 40) in opposite directions, respectively, so that said holder means (50) 
is moved horizontally along a horizontal locus (HL). said first and second drive means angularly moving 
45 said first and second arms, respectively. In the same direction, when said holder means is positioned at 
each of opposite ends of said horizontal locus, thereby movrrtg said tioider means downward vertically 
along a vertical locus (VL). 

Apparatus according to claim 2. in which said base (20) is adapted to be disposed between two 
so Juxtaposed pressing machines (PI , P2) each having upper and lower dies (3). said first and second 
angular movement axes (01 . 02) extending perpendicufar to a direction of Juxtaposition of said two 
pressing machines, said horizontal locus (HL) of said hokler means being disposed between said two 
pressing machines, and said vertical locus (VL) of said hokler means being disposed above said lower 
die of eadi of said pressing machines. 

55 

4. Apparatus according to claim 3, in which said holder m^ns (50) is mounted on the lower end of said 
second arm (40) for angular movement about a third angular movement axis (03). said third angular 
movement axis being parallel to said first and second artgular movement axes (01, 02), and there 
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betng provided third drive means (73) for angularly moving said holder means. 

5. Apparatus according to daim 4, in which said holder means Q50) comprises a support memk)er ^1) and 
a suction device (55), sakl support member being mounted on the lower end of said second arm (40) 

s for angular movement about said third angular movement axis (03), sa&6 supp>ort mamt)er being 
operativeiy connected to said third drive means (73), said support member having a projecting end 
projecting from said second arm in a direction away from said first arm (30), said suction device being 
mounted on said projecting end for angular movement about a fourth angular movement axis (04), said 
fourth angular movement axis t>eing disposed substantially perpdndlcular to said third angular move- 

10 ment axis, and there being provided fourth drive means (74) for angularly moving said suction device. 

6. Apparatus according to claim 5. In which said first and second arms (30, 40) are hollow, said first to 
fourth drive means respectively comprising first to fourth servomotors (71 to 74) mounted on that 
portion of sakJ apparatus Including said base (20) and said first arm (30), there toeing provided first 

76 power transmitting means (80) operativeiy connecting said second servonaotor (72) to said second arm 
(40), said first power transmitting means being received in said first arm. there being provided second 
power transmitting means (90) operativeiy connecting said third servomotor (73) to said support 
memt>er (51) of said holder means (50), said second power transmitting means being received in said 
first and second arms, tfiero being provided third power transmitting means (1 10} operativeiy connect- 

20 ing said fburth servomotor (74) to said suction device, and said ttiird power transmitting means being 
received bi said first and second arms. 

7. Apparatus according to daim 6. in which said support member pi) of said holder means (50) has a 
tubular shape, said third power transmitting means (110) including a thread mechanism (130) provided 

25 at the lower erKi of sdd second arm (40). and said thread mechanism comprising a nut (131) rotatabiy 
housed in the lower end of said second arm, and a threaded rod (132) threadedly engaged wHh said 
nut and extending Into said support member, and a link (134) having opposita ends pivotatiy connected 
respectively to said threaded rod and said suction device (55). 

30 & Apparatus according to claim 7. in which a first transmission shaft (41) of a tubular shape Is fixedly 
secured to Uie upper end of said second arm (40). and extends along said second angular movement 
axis (02), said first transmitting shaft being angularly movably supported on the upper end of said first 
arm (30), a second transmitting shaft (95) extending coaxiaily through said first transmitting shaft with a 
gap therebetween, a third transmitting shaft (1 14) of a tubular shape being Interposed coaxiaily between 

S5 said first and second transmitting shafts, one ends of said first, second and third transmitting shafts 
being received in the upper end of said first arm, Oie other ends of said second and third trar^smitting 
shafts being received in the upper end of said second arm, said first power transmitting means (80) 
including said first transmitting shaft (41), and a belt (86) connecting said second servomotor (72) to the 
one end of said first transmitting shaft, said second power transmitting means (80) Including said 

40 second transmitting shaft (95), a belt (99) connecting said third servomotor (73) to the one end of said 
second transmitting shaft, and a belt (102) connecting the other end of said second transmitting shaft to 
said support member (51), said third transmitting means (110) including said thread mechanism (130), 
said third transmitting shaft (114). a belt (121) connecting said fburth servomotor (74) to the one end of 
said third transmitting shaft, and a l>elt (123) connecting the otiier end of said third transmitting shaft to 

4s said nut of said thread mechanism. 

9. Apparatus according to daim 5, further comprising a bed (10) fixedly mounted on a floor, guide means 
(11) provided on an upper surface of said bod and supporting said base (20) In such a manner that said 
base is movable along said first angular movement axis, and fifth drive means (75) for moving said 
60 base. 
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Fig.1 
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Fig. 4 
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Fig . 5 
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